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® Water-aoluble microcapaulea. 

0 Water-soluble microcapsules using a water-containing hydrophilic substance as a core material and at least 
one member selected from the gn^up consisting of polyvinyl alcohol and modified polyvinyl alcohols as a 
coating material are stably retained in a concentrated aqueous solution and are dissolved in water or a dilute 
aqueous solution. . 
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WATER-SOLUBLE MICROCAPSULES 



This invention relates to water-soluble microcapsules. More particularly, this invention relates to water- 
soluble microcapsules which are stably retained in a concentrated aqueous solution containing an agent 
such as a surfactant and are readily dissolved in water or a dilute aqueous solution. 

Numerous proposals have been made to date conceming the microcapsulation of enzymes. One of the 
s methods so far proposed effects the microcapsulation of an enzyme by dispersing the enzyme and swelling 
particles In a liquid binder and spray drying the resultant dispersion (Japanese Patent Publication SHO 46- 
{1971)-42594). The microcapsules produced by this method provide necessary protection for the enzyme 
so long as they are in a dry state. In water, they are dissolved to release the enzyme Into the water. 
Another method effects the microcapsulation of an enzyme t»y dissohnng tfie enzyme and an inorganic salt 

70 in a water-soluble liquid binder and spray drying the resultant solution (Japanese Patent Publication SHO 
50(1975)-22506). The microcapsules otstained by this method protect the enzyme while in a dry state and 
dissolve in vfax&r to release the enzyme. A granular enzyme preparation pro|x>sed for use in a ctetergent is 
provided with a coating layer made of modified cellulose which is insoluble in water while in a neutral or 
acidic state and soluble in water wfHIe in an alkafine state (Japanese Patent Publication SHO 61(1986)- 

TS 44471). All tfiese conventional products are intended to contain an enzyme stably in a dry state therein and 
to be incorporated in a detergent similaly in a dry state. None <rf these prior techniques contemplates 
incorporating an enzyme In systems such as liquid detergent which cont£Bn v^ater. 

Inventions directed to effecting incorporatidn of detergent aids other than enzymes as contained in 
microcapsules have also been disclosed. 

20 For example, a composition taught by one of these inventions is obtained by a process which 
comprises coating a cationic agent as with dextrin thereby fonning microcapsules sensitive to water and 
mcorporating the microcapsules in an anhydrous anionic shampoo (Japanese Patent-Public Disclosure SHO 
50 (1975)-3105). In this case, since the microcapsules by nature release their contents on contact with 
water, the shampoo intended to incorporate these microcapsules Is required to be in an anhycfrous state. 

25 lUicrocapsules which are co^ed with a special copolymer insoluble in an alkaline water and soluble in a 
neutral or adcfic water are also cfisdosed (Japanese Patent Public Disclosure SHO 61(1986)-28440 and 
SHO 61(1986-28441. In the specifications of these inventions, it is stated that when the mtcrocapsutes are 
produced by using a ^c softener or other similar laundry aid as a core material, they can be used for 
^Kxsrporation in detergents. bi this case, the microcapsules are intended to penmit the fat)ric softener 

3D cont^ned therein to be released therefrom In consequence of changes of the pH value of the laundering 
liquid at the stages of washing., dehydrating, and rinsing during the course of laundering. Many of the 
conventional enzyme-containing microcapsules are adapted to encapsulate various enzymes with semiper- 
meable membranes for the purpose of immobilizing the enzymes (Japanese Patent Public Disclosure SHO 
52(1977)-3890. SHO 55(1980)-44387, SHO 60(1 985)-1 10330 and SHO 60(1985)^75326). These micro- 

3S capsules are all lnsolut>le in water. 

Many proposals have been made in the field of medical preparation, such as intesUnaily soluble 
microcapsules (Japanese Patent Public Disclosure SHO 58(1983)-55413 and SHO 58(1983)-67616) and 
microcapsules adapted for gradual release of their contents (Japanese Patent Public Disclosure SHO 58- 
(1983)-53110 and SHO 60(1985)-100516). 

40 An object of this invention is to provide water-soluble microcapsules which are insoluble in a 
concentrated aqueous solution such as a liquid detergent and are retained stable therein. Said micro- 
capsules enable a material, which would be degenerated or prevented from producing an expected effect 
wtien incorporated drectty in concerttrated aqueous solution, to be incorporated tfierein. 

To be specific this invention is directed to water-soluble microcapsules using a water-containing 

46 hydrophilic substance as a core material and at least one polyvinyl alcohol selected from the group 
consisting of polyvinyl alcohol and modified polyvinyl alcohols as a coating material. 

The water-soluble microcapsules off this invention which contain an enzyme as the core material, in a 
concentrated aqueous solution containing a surfactant such as. for example, a liquid detergent or a 
shampoo, is stably retained therein without being dispersed therein. When they are tttrown in water, the 

50 polyvinyl alcohol coat thereof is dissolved in the water and the enzyme is di^3ersed in the water in a stete 
retaining the activity thereof intact 

Now, the wsder-solubie microcapsules of the present Invention will be described In detail below. 
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Coating material 

The coating material for the microcapsules constitutes one of the most important requirements for the 
present invention. 

To be spedfic, the polyvinyl alcohol which is used as the coating substance for microcapsules in this 
invention possesses (i) an average degree of polymerization In the range of 200 to 3,000, preferably 500 to 
2,400 and (il) a saponification ratio of not less than 90%. preferably not less than 95%. 

If the degree of polymerization Is unduly high, the polyvinyl alcohol exhibits a viscosity so high as to 
render the handling thereof difficult during the manufacture of microcapsules. If the saponification ratio is 
unduly low. the microcapsules offer insufficient stabiRty during storage In a water-containing solution. When 
the microcapsules using a polyvinyl alcohol having a saponification ratio of less than 90% are incorporated 
In a concentrated aqueous solution, they fail to manifest the required effect because the coat thereof is 
dssolved or swelled and degenerated. 

Any of the modified polyvinyl alcohols can be used as the coating material. Concrete examples of such 
modified polyvinyl alcohols wWch are advantageously usable in this invention include cation mocfified 
polyvinyl alcohols obtained by the treatment with dimethyl aminopropyl acrylamide and methyl chloride, for 
example, atkyi modified polyvinyl alcohols obtained by the treatment with vinyl versatate (VEOVA), for 
example, add mocSfied polyvinyl alcohols obtained by the treatment with acrylic ac*l, itaconic add! for 
example, and acetacetyidted modified polyvinyl alcohols using diketenes. for example. 



Treatment with cross-Bnkinq agent 

Generally, the dissolutkm rate of a given polyvinyl alcohol in water depends on the degree of 
polymeriz^on and the saponificatk)n ratio of the polyvinyl alcohol. The dissolution rate of microcapsule in 
w^. therefore, can be controlled by suitably selecting a polyvinyl akx)hol whteh possesses a proper 
degree of polymerization and saponification ratio. The control can also be attained by treating the polyvinyl 
^cohd with a cn3ss-Rr*ing agent 

. ^^^ ^_^^f^ laundering Is effected witti a liquid detergent using the microcapsules of this Invention 
which Incorporate a fabric softener as a core material, for example, since the fabric softener Is a cationic 
surfactant and affects tiie anionic surfactant in the detergent tiie mrcrocapsules are desired to be dissolved 
to release the fabric softener into water in the latter stage of the overall process of laundering. In this case, 
therefore, the dissolution rate of the microcapsules In water can be decreased by treating the polyvinyl 
alcohol with a crossHlnkIng agent 

Where a modified polyvinyl alcohol is used as the coating material, there are some cases where tiie 
modified polyvinyl ateohol may be treated with a cross-linking agent in order for the coat of the produced 
microcapsules to retain suitat)ie strength. 

Examples of the cross-linking agent usable for the treatment Indude boric add and boric add 
cterivatives (such as sodium borate and ethyl borate), aldehyde compounds (such as glyoxal. diakJehyde. 
and starch), and diepoxkJes (such as butadiene diepoxide). 

Generally, enzymes are not stable against aWehydes and epoxides and, on exposure thereto, may be 
inactivated. In the encapsulation of an enzyme, ttierefore, it is desirable to use boric add or a derivative 
ti>ereof as the cross-Unking agent 

The treatment witti a cross-linking agent can be effected by establishing direct contact of mlcnx:apsules 
with a fiquid having the cross-finking agent dissolved or dispersed therein or by bringing the cross-linking 
agent into contact witii a solution of polyvinyl ateohol tiiereby forming the coat of microcapsules. 

Though tire amount of the cross-linking agent In the coat is not specifically restricted, it is generally 
adjusted so as to fall in the range of 0.1 to 10% by weight based on the amount of tfw polyvinyl alcohol as 
the coating material. 
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HydrophiHc substance (core material) 

The hydrophih'c substance destined to constitute the core material is the water-soluble microcapsules 
can be any of the compounds which are required only to be compatible with water and are not always 
5 required to be soluble in water. Typical examples of the hydrophilic substance usable advantageously 
include proteins (including enzymes), peptides, amino adds, sugars, gums, surfactants, water-soluble 
vitamins, water-soluble fungicides, coloring matters, perfumes, defoaming agents, and flocculants. The 
hydrophilic substance preferably possesses a water current in the range of 5 to 40% by weight t>ased on 
the core material. 

TO 

(Enzymes and aipporb'ng substances) 

Now, the encapsulation of enzymes as representatives of the hydrophilic substances enumerated 
75 above, will be described below. 

Since enzymes are generally in a powdery form, they are not Independently encapsulated but are 
preferably oo^ed in a form dissolved or cfispersed in a water-containing polyhydroxy compound. 

The selection of a particular enzyme for the encapsulation is earned out in specific consideration of the 
purpose for which the microcapsules are used. Where the microcapsules are intended for incorporation in a 
20 liquid detergent, for example, ft is proper to select one enzyme or a mixture of two or more enzymes from 
the group of enzymes cited below as examples exhibiting acthnty under neutral or alkaline conditions and 
contributing to enhancing the deterging power. 

Proteases produced by the strains of Bacilius lichenlformis, Bacillus subtilis. Bacillus firmus, Badltus sp. 
FERM. BP-B3 (Japstese Patent PubGc Disclosure SHO 58(1 983>-1 34990), and Bacillus alcalophlus; 
25 Amylases produced by the str^ns of Bacillus subtilis. Badllus ficheniformis, and Aspergillus oryzae; 

Upases produced by the strains of Mucor lipdyticus, Candida cyfihdracea. Pseudomonus nitroreducens. 
Pseudomonus fragi. Chromobacterium viscosum. and Rhizopus delemer and lipases separated from the 
spleens of pigs an6 other similar animals; 

Cellulases or hemicelluiases produced by the strains of Bacillus pasteuri, Trichoderma viride, and Aspergih 
90 lus niger, and 

^g white iysozyme and lysozymes produced by the strains such as of Bacillus subtilis. 

The watar-ccmtaining polyhycfroxy compound to be used in dissolving or dispersing the enzyme acts as 
a supporting subst^ice for ensuring perfect coating of microcapsules and enhancing the stability of enzyme 
during storage. The polyhydroxy compound of the foregoing description is a compound having 2 to 6 

» carbon atoms and contaimng at least two hydroxyl group or a polymer of the compound. Examples of this 
compound include polyols and ofigomers thereof, sugars, polysaccharide's and glycosides. 

As concrete ^camples of tfie compound, there can be cited ethylene glycol, propylene glycol, glycerine, 
butane triol, glucose, fructose, sorbitol, diethytene glycol, triethylene glycol, polyethylene glycol, 
dipropylene g^col. low molecular weight polyethylene-polypropylene glycol, low molecular weight polyvinyl 

40 alcohol, dextrin, pectin, aiginic add. gum arabic. and saponic acid. Among other compounds cited above, 
ethylene glycol, propylene glycol, glycerin, polyethylene glycol, and low molecular weight polyvinyl alcohol 
prowe to be particularly deslrat>le. One member or a mixture of two or members selected from the group of 
compounds cited above may be used. 

Though the mixing ratio of the enzyme and the polyhydroxy compound is not necessarily defined 

48 strictly, the amount of the polyhydroxy compound generally falls In the range of 2 to 50 parts by weight, 
preleratily 5 to 35 parts by weight. t>ased on 1 part by weight of the enzyme. 

There are cases where the salt of an alkaline earth metal such as caldum or magnesium proves to be 
effective in enhancing the stability of the encapsulated enzyme during the storage thereof. Optionally, this 
salt may be added to the polyhydroxy compound. For example, the salt of a water-soluble or at least 

» partially water-soluble alkaline earth metal such as cakrfum acetate, cateium chtoride, catelum nitrate, 
magnesium acetate,, magnesium chtoride, or magnesium nitrate can be used. Though the effect of the 
alkaline earth metal salt in the stabilization of the enzyme is variable with the kind of the enzyme in actual 
use. the amount of the alkaline earth metal salt is desired to equal or exceed 5 ppm. based on tiie amount 
of the enzyme principle contained in the microcapsules. 

K In the stabilization of the ^izyme. the addition of an antioxkJant such as. for example, ascortwc acid or a 
derivative thereof and a protective coltoid-forming substance such as. for example, amino acid, polypeptide 
or a derivative tiiereof. or gum is effective. This additive is suitably used when necessary. 
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Further, the enzymes possesses a stable pH range of Its own. For the purpose of retaining the pH value 
of the contents of the mtcrocapsuies within the stable ph range of the enzyme, a salt capable of producing 
the action of buffer may be added to suit the occasion. 

5 - . " 

[Surfectant] 

As the core material for the miaocapsules. a cationic surfactant or an amphoteric surfactant which is 
used in fabric softener, antistatic i^nt, surface treating agent or fungidde can be selected. 

TO As examples of the cationic surfactant, there can be dted trimelhyl ammonium lauryl chloride, trimethyl 
ammonium cetyl chloride, trinr^yl ammonium stearyl chloride, dimethyl benzyl ammonium stearyl chlo- 
ride, and dimethyl ammonium distearyl chloride. As examples of the amphoteric surfactant, there can be 
dted lauryl betaine and stearyl betaine. 

As other examples of the core material for the microcapsules of this invention, there can be cited 

IS defdaming agents such as dmethyl polysiloxane, antistatic agents such as aliphatic quaternary ammonium 
salts, fun^des such as chlorohexane gluconate, and flocculants such as sodium rosinate and rosin amine 
acetate. 

The aftmmentioned core material is encapsulated all by itself as a hydrophlllc substance or as 
combined with other hydrophilic substance like polyhydroxy compound senrtng as a supporting substance. 

20 

Method of encapsulation 

The encapsulation can be earned out by any of the conventional methods now in actual use. Now, the 

2S main methods available for this purpose will be described below. 

1) A method which forms microcapsules by preparing a water-containing solution of a hydrophiOc 
substance, a supporting substance, and a polyvinyl alcohd substance'^and bringing this solution Into contact 
with a cross-Rnking agent or bringing such sut)stances into contact wHh a dehydrating agent such as alcohol 
or heating the resultant mixture under a vacuum thereby allowing the polyvinyl alcohol to fonn a coat In 

30 this case, the polyvinyl alcohol substance is desired to be thoroughly dissolved in the aqueous solution. The 
water content of this aqueous solution is desired not to exceed 70% by weight, preferably to ^1 in the 
range of 60 to 1 5% by weight The polyvinyl alcohol content of the aqueous solution Is in the range of 3 to 
t7% by weight prefen4)ly 5 to 12% by weight 

In the encapsulation of an enzyme such as protease, for example, this enzyme and optionally a statrilizer 
36 such as a calcium salt are dissolved, in conjunction with the polyvinyl alcohol, in a mixture of a polyhydroxy 
compound such as propylene glycol with water. 

In the encapsulation of a fabric softener, such as a cationic surfactant spedftcally dimethyl ammonium 
distearyl chloride, this cationic surtectait and polyvinyl alcohol are dissolved in water containing ethylene 
glycol. 

40 The vrater-containing solution of the aforementioned hydrophilic substance and polyvinyl alcohol can be 
encapsulated, for example, by any of the following metiiods. 

0 A method vrWch produces microcapsules by causing the aforementioned solution to fall in tiie form of 
minute drops at room temperature into water and/or alcohol (such as ethanol. ettiylene glycol, propylene 
glycol, glycerine, or polypropylene glycol) which has a cross-linking agent such as borfc add dissolved 
45 therein advance. 

ii) A method which produces microcapsules by causing tiie aforementioned solution to be dispersed fn the 
fonm of minute c^ops in a hydrophobic solvent (such as benzene, hexane. or liquid paraffin) and heating the 
resultant dspersion at a temperature approximately in the range of to 85» under a vacuum to expel 
water. 

iii) A method which produces microcapsules by dissolving the cross-linking agent In a solvent which fails to 
mix intimately with water and possesses a hydrophilic group (such as a higher alcohol) and causing the 
aforementioned solution to be dispersed in the resultant mixed solvent in the form of minute drops. 

iv) A mettiod which produces microcapsutes by spraying the aforementioned solution with a spray-drier. 
2. A mettuxi which effecte production of microcapsules by bringing polyvinyl akx)hol or modified 

polyvinyl ak:ohol from outekle into contact with a water-containing supporting substance having a hydro- 
philic substance and a cross-linking agent dissolved in advance therein and dehydrating the resultant 
mixture as with dry air. 

To be spedfic tills method is embodied by causing the water-containing supporting substance having ttie 
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hydn^ilic substances and the cross-rmking agent dissolved therein to be spouted out of the central orifice 
of a two-wail coaxial circular nozzle of a spray-drier and, at the same time, causing an aqueous 15% 
polyvinyl alcohol or modified polyvinyl alcohol solution to be spouted out of the peripheral orifice of the 
same circular nozzle. 

3- A method which effects the encapsulation by dissolving or dispersing a hydrophilic sutjstance in a 
supporting substance which fails to show fiowability in a dry state, causing the resultant mixture to form 
substantially spherical minute drops, and applying an aqueous polyvinyl alcohol or modified polyvinyl 
alcohol solution on the minute drops. 

This method will be described more spedfically below. In a su;^rfing substance such as. for exsffnple. 
polyethylene glycol or polyethylene glycol-polypropylene glycol copolymer which exhibits no fiowability in a 
dry state, assumes ftowabifity in a hydrous state, and possesses a melting point in the range of 35* to 
^''C, the hydrophilic substance and the cross-linking agent are dissolved or dispersed. Then, the resultant 
solutkxi or suspension is spray dried at a temperature in the range of ZS'^O to 80''C. preferably 40"* to 80° 
to produce substantially spherical minute drops. Subsequently, the minute drops are coat^ with an 
aqueous 2 to tO% by weight of polyvinyl alcohol solutwn by the air-suspension coating method (with a 
device produced by Coating Place inc. and mariceted under the trademark "Wurster Coating Chamber" or a 
device produced by fn# Powder K.iC and mariceted under the trademaric "New Marumerizer NQ"). The 
microcapsules consequently obtained are dispersed In propylene glycol containing 10 to 15% of water and 
then left stancfing at room temperature lor twro or three days. At the end of the standing, the water content 
within the microcapsules nearby equals that of the propylene glycol. 

By any of the methods described above, the microcapsules are obtained in a wetted state or fluid state 
wherein the hydnsphlOc core substances contains 5 to 40% by weight preferably 10 to 20% by weight of 
water. The average particle cfiameter of the microcapsules is desired to fall in the range of 20 to 1,000 um, 
preferably 30 to 800 tim ^ most preferably 50 to 500 um. 

The water-soluble microcapsules of this Invention can be usefully applied as an enzyme preparation In 
(fish washar fiquid, hard-surface deaner, shampoo and other water-contairung lk|uid and gel type detergente 
for househokt institutional and industrial use, as an auxiliary agent for fabric softener and the like, and as an 
enzyme prepa^tion or fungicicto in Oquid gargle and toothpaste. 

The water-sokit>le microcapsules of the invention can be effectively used In cases where, as discussed 
above, an auxiliary agent is ^ to be deactivated or degraded during tong-term contact with the main 
ingredients of a formulated product Thus strong demand for the microcapsules can be anticipated. 

The microcapsules of the present invention are stably preserved for a tong time in a concentrated 
aqueous soluticm of a surfactant a monohydric or polyhydric alcohol, and/or a wafcer-soluble inorganic salt 
having a w^er content in the rartge of 5 to 60% by weight preferably 20 to 50% by weight Since the core 
material and ttre coating material of these microcapsules are hydrophilic or soluble in water, the micro- 
capsules are quk:kiy dissolved when they are thrown in water (a liquid having a water content of not less 
than 90%). 

The microcapsules of the present invention are not dissolved in a water-containing composition such as. 
for example, Bquid detergent or shampoo and are retained stably for a k>ng time therein. When they are 
thrown into water, however, they are readily dissoh^ to release their contents into the surrcMmding water. 

While the conventional enzyme-containing lk|utd detergents require restriction on the use of anionic 
surfactants and catiornc surfactants because these surfactants Inactivate the enzyme, the detergent 
composition using ttie microcapsules of this invention pennits incorporation therein of any of the surfactants 
which are usable for orctinary detergents. 

Examples of tiie anionic surfactant include linear sodium alkylbenzene sulfonates (alkyi: Cio -Ci^ (LAS), 
sodium a-olefln sulfonates (olefin: Ce -C22) (AOS), sodium alkyl sulfates (aikyi: C2 -C17) (AS), sodium 
polyoxyetiiylene alkyl ettier sulfates (alkyl: Cg -Ct;; EOP =1-20) (AES), sodium salt of 2-sulfo-fatty ester 
(fatty add: Cti -Ct?, alcohol: Ci -Ce) (SFE). sodium secondary alkane-sutfonates (alkane: On -C^ (SAS). 
soaps (fatty add: C12 -Cia), and sodium alkyl phosphates (alkyl: -Cnh 

Bcamples of the nontonk: surfactant Include polyoxyetiiylene alkyl ^ers (alkyl: G5 -C17. EOP » 4 
-20) (A^ and polyoxyetiiylene alkylphenyt etiiers (alkyl: Cs -Ctz, EOP : 4 - 20) (APE). 

Examples of tiie cationic surfactant indude cetyl trimethyl ammonium chloride, stearyl dimethyl 
benzene ammonium chtoride, and distearyl dimetiiyl ammonium cholricfo. Examples of the amphoteric 
surfactant indude tauryl betaine and stearyl betaine. 

In ttie production of a liquid detergent containing water-soluble microcapsules of this invention 
containing an enzyme, tf^ d^eigent has a bask: composition as shown bek>w. 
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Bnayme-contalnlng mlcrocapaulM 
(watar-solubla mlcrocapaulea of thia Invontlon 

0.01 to lOI (by walght) 
Surfactant and othera 3 to 70% (by weight) 

water 5 to 60% (by weight) 

The enzyme^onteintrig microcapsules to be mcoiporated in the detergent are not Bmited to only one 
type. It has been heretofore difficult to mix several types of enzymes in a system such as a liquid detergent 
which contains water. In accordance with this Invention, even when protease, amylase, and other enzymes 
are severally contained in microcapsules and the several types of microcapsules are Incorporated aHogether 
in one detergent, they can be retained in a highly stable stale during the course of storage of the detergent 

The detergent composition having water-soluble microcapsules of the present invention may incorporate 
therein, in addition to the aforementioned basic composition and as occasion demands, builders, propylene 
glycol, ethanol, fluorescent dye. and citric acid which are generally used in detergents as a whole. 

Now. the present invention will be ctescrfbed more specifically below with reference to working 
exampies and comparative experiments. 

EXAMPLE 1 

A solution containing a mixture consisting of the fbilowing components was prepared. 

Proteaae (APl-21) crude powder (activity 105 nkat/mg) 

70 g 

Calolum acetate g g 

Propylene glycol 4B0 g 

Polyvinyl alcohol (degree of polymerlaation 

2,000 and aaponif ication ratio 95%) 33 9 



Distilled water 337 g 

TWs sc^ution was passed through a filter. The resultant filtrate was added dropwise through a small 
nozzle into a saturated aqueous soluticm of boric add. to give rise to microcapsules according with this 
invention. The microcapsutes and diameters approximately in tfie range of 150 to 800 am and a water 
content of about 32% by weight The microcapsules were separated by filtration and stored in propylene 
glycol containing 25% of water. Then, a liquid detergent composition of the following formula Including the 
propylene glycol having the aforementioned microcapsules dispersed therein was prepared. 
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Composition 
Sodium polyoxyethylene alkyl ether sulfate 
tCl4-15' B05 « 15) 



Polyoxyethylene alkyl ether (C12-I5' 1^) 18 

Carboxymethyl cellulose 1 

Polyethylene glycol (MW 6,000) 1 

Bthanol 10 

Sodium citrate dihydrate 8 

Dispersion of microcapsules in propylene glycol 

(average protease activity 4,000 nkat/ml) ^ 

Distilled water 42 



COMPARATIVE EXPERIMENT 1 

Protease (API-21) and caicium acetate were dissoived in propylene glycol containing 25% of water to 
prepare a solution having a protease activity of 4.000 nkat/ml and a calctum ion content of 50 mM. A 
composition of entirely the same fbnnula as tfte liquid detergent of Example 1 was produced, except that 
the solution obtained as described above was used in the place of the dispersion of microcapsules in 
propylene glycol. 

The liquid dete^ent compositions of Example 1 and Comparative Experiment 1 were left standing at 
38*C (lOO^F) for 10 weeics and. at the end of the standing, tested for enzyme activity. The residual ratio of 
activity was 80 to 85% In the case of the composition of Example 1 incorporating microcapsules and less 
than 3% (detectable fimiQ in the case of the composition of Comparative Experiment 1 incorporating 
propylene glycol solution of protease. 



EXAMPLE 2 

Solutions A, B and C of the following formulas were prepared by using commefdaliy availat>le lipase 
separated from porcine spleen (possessing Kpase activity of 5,000 U/g. produced by Amano Pharmaceutical 
Co., Ltd. and marlceted under the trademartc "Pancreation TA", amylase (possessing an activity of 220.000 
U/g. produced by Yamato Chemical Co.. Ltd. and marketed under tiie trademaric "Kietstase M20"). and 
protease (possessing an activity of 600,000 PU^. produced by Yamato Chemical Co., Ltd. and marketed 
under ttie trademaric "Protin AS"). 



% by weight 
15 
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70 



Compoaltion ASS 

Amylaae .5 
Proteaae . » g 

Calcium aoetata o.7 0.9 0-5 

Propyleoe glycol 45 4^5 5Q 



75 



2D 



Polyvinyl alcohol (degree of 

polymarization 1,500 and 6 5 

saponification ratio 97%) 

Dlatllled water 43.3 44 



3S.5 



39 



Then, the solutions A. B and C were severally added dropwise through a small nozzle Into a saturated 
aqueous solution of boric acid containing 50% of ethanol. to give rise to microcapsules accorciing with the 
present invention. The microcapsules had diameters in the range of 150 to 500 urn and a water content in 
the range of 35 to 40%. These microcapsules were given the same treatment as In Example 1 and then 
preserved In propylene glycol containing 25% of water (dispersions of microcapsules). 

Subsequently. Oquid detergent compositions of the following formula severally incorporating the afore- 
mentioned three types of microcapsules were prepared. 

QggpOBition If by Wight 

Sbdiun polyoxyetfaylene alkyl ether sulfate 
<^14--15' BOT » 5) 10 

Polyoj^iiylene «lkyl ott»r (Cis^uf BOP « 12) 23 
Sodium salt of obconut fatty acid 5 
Caddox^i^l cellulose 1 

tipaae nictooapBuleB-profiylene diaperalon ' 
(average lipase Activity 100 D/hil) ^ 

ilnylaae nicrocapaules-propylm dispersion 
(average aqflase activity 3,300 D/inl) ^ 

Proteaae mlcrocapaules-'propylaie dispersion 
(average protease activity, 1,800 nkat/tel) ^0 

K Diet%l«e glycol 7 

Distilled water 3g 



40 



so 
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COMPARATIVE EXPERIMENT 2 

A propylene glycol solution having an average lipase activity of 100 U/mi, a propylene glycol solution 
having an average amylase activity of 3,300 U/ml, and a propylene glycol solution having an average 
protease activity of 1.800 nicat/ml were prepared by dissolving lipase crude powder, amylase crude powder, 
and protease crude powder respectively In propylene glycol (containing 25% of water) containing GO mM of 
calctum ion. Compositions corresponding to the detergent compositions A. B and C of Example 2 were 
produced by following the procedure of Example 2, except that the propylene glycol solutions mentioned 
above were used instead of the dispersion of microcapsules. 

The liquid cfetergent compositions erf Example 2 and Comparative Experiment 2 were left standing at 
dS'^C (lOO^^F) for 8 weelcs and, at the end of the standing, tested fbr residual ratio of enzyme activity. 
Consequently, the residual ratios of activity were found to be 75 to 80% for lipase. 80 to 85% for amylase, 
and &Q to 85% for protease in the case of the compositions of Example 2 incorporating microcapsules and 
they were invariably less, than 3% (detectable limlQ In the case of the compositions of Comparative 
Experiment 2 incorporating the enzymes in the form of propylene glycol solutions. 



E)(AMPLE3 

A solution containing a mixture consisting of the following components including* alkali protease 
(produced by Sigma Corp. and mariceted under product code of "P 5380") was prepared. 



Alkali proteaee 50 g 

Magnesium chloride 3 g 

Calcium chloride 3 g 

Sodium aacocbic monophosphate 4 g 

Propylene gl^ycol 450 g 

Polyvinyl alcohol (degree of polymerization 

ItOOO and safponificatlon ratio 99%) 9 

Distilled weter 445 g 



The protease solution thus obtained was added dropwise into a propylene glycol-water mixed solution 
saiurtfBd with boric add, to give rise to microcapsules (having average partide diameters of 100 to 500 um 
and a water content of about 40%) according wHh the present inventioa The microcapsules vvere separated 
by filtritflon and preserved in propylene glycol containing 25% of water. 

Then, a geMike detergent composition of the following formula including the propylene glycol having 
the microcapsules dispersed ther^n was prepared. 
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TO 



T6 



20 



Oompoflltion t by weight 

SodlttA salt of poiLyoxyativlene alkyl ether 
sulfuric acid {C^^^i^ and EOP > 5) & 

PolyoxyethylsM alkyl ethar (Cjj^is and Bo5 • 10) 25 

Sodiun ataarate 3 

Sodlun citrate diliydrats - XO 

Carboxynathyl ceUuloao X 

Polyethylena glycol (MW 1,000) 3 

Dispersion of mlctooapsules in j^opylene glycol 
(average protease activity 1,600 nkat/inl) 

Propylene glycol 

25 Distilled water X6 

COMPARATIVE EXPERIMENT 3 

SO A propylene glycol solution (having a water content of 25%) containing 1.600 nkat/rtil of alkali protease 
(produced by Sigma Corp. and marketed under product code of -p 5380"), 0.3% of calcium chloride, 0.8% 
of magnesium chtoride, and 0.4% of sodium ascorbic monophosphate was prepared. A composition having 
entirely the same formula as the geHike detergent of Bcampie 3 was produced by following the procedure 
of Example 3. except that the propylene glycol solution mentioned above was used instead of the 

^ (Ispersion of mfcrocapsules In propylene glycol. 

The geHike detergent compositk)ns of Example 3 and Ck)mparalive Experiment 3 were left standing at 
38»C (100»F) for 10 weeks and. at the end of the standing, tested for residual ratio of enzyme aclhmy. 
Consequently, the residual ratio of activity was found to be 90 to 95% in the case of the dete^ent 
composftfon of Example 3 Incorporating therein microcapsules and less than 3% (detectable limit) In the 

^ case of the detergent composition of Comparative Experiment 3 Incorporating the dispersbn of protease in 
propylene glycol. 

EXAMPLE 4 

45 

Solutions D and E of the following fomiulas were prepared by using amylase (possessing an activity of 
220.000 [Jig, produced by Yamato Chemfeal Co., Ltd. and mariteted under the trademartc "Kieistase TU 20" 
and protease (possessing an activity of 500.000 PU/g. produced by Yamato Chemical Co. Ltd. and 
mariceted under the trademari< Thermoase PS"). 

so 
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CompQgltlon 



% by weight 
D B 



Amylase 
Protease 
Calcium acetate 
Magnesium acetate 
Dietfaylene glycol 



0.5 
0.5 
45 



5 

0.5 
0»5 
45 



Polyviayl aleojiol (degree of polymerization 
2,000 and saponification ratio 97%) ^ 



Oistilled water 



44 



44 



Then, the solutions D and E were severally added dropwise through a small nozzle into a saturated 
aqueous boric add solution containing 10% of ethanol and 20% of ethylene glycol, to give rise to 
microcapsules (having particle diameters In the range of 100 to 400 urn and a water content of about 40%). 
The microcapsules were separated by filtration and preserved In propylene glycol containing 25% of water. 

Subseq ue ntly^ a tableweve grade detergent composition of the following formula including the afbremen- 
lianed microcapsules was p r e p a re d . 



OMigosition % by weight 

Sodim dodec^l stOfate 20 

Alcdi^ etiioxylate (C^]^ and BOP ■ 10 mols) 20 

Ca rfaoxywU gl oelJLuloae 1 

Diapersiaii of miaoeapsules containing aniylase 

(aven^ an^lase activity 3,000 o/UL) ^ 

Dispecsloa o£ midcocapsules containing protease 

(average prota»ft activity of 1,500 nkatytel) ^ 

Distilled watK 47 
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COMPARATIVE EXPERIMENT 4 

A propylene glycol solution having an average amylase activity of 3,000 U/ml and a propylene glycol 
solution having an average protease activity of 1.500 nkat/imi were prepared by dissolving the same 
amylase crude powder as used in Example 4 and the same protease crude powder as used in Example 4 in 
propylene glycol (having a water content of 25%) containing 50 mM of calcium , ion. Tableware grade 
detergent compositions were produced by following ttie procedure of Bcample 4, except that the propylene 
glycol solutions mentioned above were used in the place of tiie dispersions of the microcapsules containing 
amylase and protease. 

The detergent compositions of Example 4 and Comparative Experiment 5 were left standing at 38**C 
(lOO'^F^) for 10 weeks and. at the end of the standing, tested for residual ratio of enzyme activity. 
Oonsequentiy. the residual ratios were found to be 90 to 95% for both amylase and protease in the c^se of 
tiie detergent compositions of Example 4 incorporating therein microcapsules and less than 3% (detectable 
fimit) in tiie case of tiie detergent compositions of Comparative Experiment 4 Incorporating the enzymes in 
the fbnm of propylene glycol solutions. 



EXAMPLES 

A solution containing a mixture consisting of the following components including lysozyme separated 
from egg (produced by Sigma Corp. and marfceted under product code 'LTOOI") was prepared. 



Lyaosyna 20 g 

Calcltim chloride 3 g 

Propylene glycol 520 g 

Sodium aacosbic mooophoaphate eater 2 g 

Polyvinyl alcohol (degree of polymeriaablon 

700 and aaponl float ion ratio 87%) 45 g 

Ethanol 20 g 

Distilled water 390 g 



From this solution, microcapsules according witii ttiis invention were produced by tfie use of a spray- 
drier provided witii a rotary disc type dispersing device. The microcapsules had diameters of about 20 to 
100 um and a water content of about 6%. Then, a shampoo composition off tiie following formula including 
tiie propylene glycol having tiie microcapsules dispersed tiierein was prepared. 
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Ocnposltlon % by weight 

Sodlm polyo^cyetiiylena lauryl ethor sulfate 10 

Sodiun atearate 5 

SodloD laurate B 

Vragslene glycol 47 

Ettsyl aloohtil 15 

Dlflpeealon to propylene glycol o£ micarocapsuled 

containing liaossyAie (avecage llsca^ activity of 400 D/inl) ^ 

DiatiUed water XO 

COMPARATIVE EXPBF«MENT 5 



A propylene glycol solution having a llsozyme activity of 400 U/ml and containing lisozyme, calcium 
chloride (0.3%) and sodium ascorbic monophosphate ester (0^%) was prepared. A shampoo composition 
of entirely the same formula as In Example 5 was produced by following the procedure of Example 5. 
except that the solution mentioned above was used In the place of the dispersion of the microcapsules 
containing llsozyme. 

The shampoo compositions of Example 5 and Comparative Experiment 5 were left standing at SO'^C for 
3 months and, at the end of the standing, tested for residual ratio of enzyme activity. Consequently, the 
residual ratio was found to be 90 to 95% In the case of the shampoo composition of Example 5 
'm>rporating microcapsules and less than 3% (detectable limit) in ttie case of the shampoo composition of 
comparative Bcperiment 5 incorporating the enzyme in the form of propylene glycol solution. 



EXAMPI^e 

A mixed solution of the foHowing formula including a fabric softener was prepared. 



OoB^poeiticMi % by weight 
Diateatyl diml^l eBanoniiam chloKide 25 
Propylene glycol 14. 

Polyvinyl alcohoS (degree of polynoerization 

2f000 and saponification ratio 99%) ^ 

Distilled water 56 



The mixed solution was added dropwise through a small nozzle Into a water-alcohol mixture saturated 
with boric acid, to give rise to microcapsules according with the present invention. The microcapsules were 
retained in the aforementioned boric add solution at 35'*C for 20 minutes and then separated therefrom by 
filtration. The microcapsules were then preserved in propylene glycol containing 20% of water. 

The microcapsules were not dissolved in a commercially available liquid detergent (having a water 
content of 60%) but were dissolved after 15 minutes' immersion in water at 30"C. 
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EXAMPLE? 



A solution of the following formula including a cationic surfactant possessing an antistatic and sterilizing 
e^ect was prepared. 



Ootnposltlon 
Stearyl trinethyl annonltxn diloride 
Stearyl dimethylbttizyl amnonlan cblOKlds 



% by woi^t 
18 
10 



BtisylttM glycol 



Bolyvlttyl alcohol (degree of polynerlzatlon 

2r400 ai^ 8aponiflcatl(» ratio 951)- 5 



DisfeUlad tmter 52 

The solution was added dropwise through a small nozzle into water saturated with Ixxic add and kept 
at 40"C. to give rise to microcapsules atScording with the present invention. The miaocapsules were left 
starefing continuously in the aqueous boric add solution for 7 minutes and separated therefrom by nitration 
and preserved in polyethylene glycol containing 25% of water. 

The microcapsules were not dissolved in a commerdally available shampoo (having a water content of 
40%) but were dissolved after 2 to 4 minutes' immersion in warm water at about 35'C. 



A solution A of the following formula was prepared by using amylase (possessing an activity of 220,000 
U/g. produced by Yamato Chemical Co.. Ltd. and marketed under the trademark "Klelstate TU 20"). 



EXAMPLES 



aaqSQslticn. of Solution A 
Sn^lase 

CaloiuB aoatate 
BoHm borate 

Polypropylene glyqol (average noleculaz might 1,000) 
Bcag^Um glycol 

Polyethylene glycol (average nwlactjlar weight 600) 
Distilled water 



t by waisfct 



12.0 



12.5 



49.5 



S.S 
1.5 
3.0 
16.0 



Separtiely. a solution B of the folkiwing fbnmula induding polyvinyi ateohol was prepared. - 



Composition of Solution B 
Polyvinyl alcohol (degree of poljroeriaation 
600 and saponifioation ratio 97%) 



% by weight 



5 
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Polyvinyl alc^ol. (clegree of polymerization 

1,500 and saponificatioa ratio 97%) ^ 

5 . 

OiBtilled water 89 

By the use of a spray-drier provided with a two*wall coaxial nozzle, the solution A was spouted through 
the central orifice of the nozzle and the solution B through the peripheral orifioe of the nozde at the same 
TO time, to give rise to microcapsules according with the present inverrtion. The microcapsules had diameters 
In the rarige of 80 to 200 urn. The microcapsules were then dispersed in a propylene glycol containing 15% 
of water and left standing therein for 24 hours and. at the end of the standing, separated therefrom by 
filtration. They were found to have a water content of at)0ut 11%. 

TS 

EXAMPLES 

A mixed solution of the following formula was prepared by using protease (posse^ng an activity of 
500,000 PUfg, produced by Yamato Chemical Co.. Ltd. and mariceted under the trademark "Thermoase 
20 PS"). 



Oopposition % by wight 

apbease 7.2 

^ Calcitm acetate 1»8 

Magnesltn acetate 0*6 

Borax 18.1 

30 Folyeti^l^e glycol (average molecular mi^ 5,000) 72.3 



The polyethylene glycol was a product In the form of flakes and the other components were in the fomn 
of microfind particles not more tfian 10 um in size. The mixture was dissolved by heating at atxujt 65*0 
and converted into minute beads 50 to 120 um In size by the use of a spray cooling device (produced by 
Ogawara Manufactory). 

The minute be&ds were coated with an aqueous 3% polyvinyl alcohol (degree of polymerization of 
t.500 and saponification ratio not less tfian 97%) solution with a flow dry coating device (produced by Fuji 
Powder Co., Ltd. and marketed under the trademark "New Marumerizer NQ")» for encapsulation. The inlet 
temperature of ciry air was ZS'^C and the ftow rate of the dry air was adjusted to the highest level at which 
the dry air in motion wouki not scatter the minute beads. The increase of weight by the encapsulation was 
about 15%. The microcapsules thus produced were left standir^ in propylene glycol containing 10% of 
water at room temperature for 2 days and, at the end of the standing, separated therefrom by filtration. 
They were found to have a water content of about 8%. 



COMPARATIVE EXPERIMENT 9 

Microcapsules were produced by foltowing the procedure of Bcample 6, except that polyvinyl alcohol 
possessing a degree of polymerization of 1.500 and a saponification ratio of 85% was used instead. In 
propylene glycol containing 10% of water or in a liquid detergent (having a water content of about 40%), 
these microcapsules were dissolved after 2 days* standing. In contrast the microcapsules produced in 
Example 6 showed no sign of dissolution even after one month's standing under the same conditions. 
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Claims 

1. Water-soluble microcapsules comprising a core material and a coating material, characterized in that 
said core material is a water-containing hydrophllic substance and said coating material is at least one 
member selected from the group consisting of polyvinyl alcohol and modified polyvinyl alcohols. 

2. Water-soluble microcapsules as claimed In claim 1. in which said polyvinyl alcohol possesses an 
average degree of polymerization In the range of 200 to 3.000 and a saponification fBtio of not less than 
80%. 

3. Water-soluble microcapsules as claimed in claim 1, in which said hydrophllic substance as a core 
material possesses a water content in the range of 5 to 40% by weight 

4. Water-soluble microcapsutes as claimed in claim 1. in which said hydrophllic substance comprises 
an enzyme (fissoVed or dispersed in a water-coritaining po^^ 

5. Water-soluble microcapsules as claimed in claim 1. In v^ch ssid polyvinyl alcohol substance has 
been treated with a cross-Hnldng agent 

6. Water-soluble microcapsules as claimed In claim 4. in which the amount of said polyhydroxy 
compound is 2 to 50 times that of said enzyme by weight 

7. Water-sohibie microcapsules as claimed in claim 4, in which said polyhydroxy compound is at least 
one member selected from the group cong'sting of compounds possessing 2 to 6 carbon atoms and 
containing two or more hydroxy! groups and low polymers of said compounds. 
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